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ABSTRACT 
 
The purpose of this study is the evaluation of the variation of performance in terms of sensitivity and specificity of two 
radiologists with different experience in mammography, with and without the assistance of two different CAD systems. 
The CAD considered are SecondLookTM (CADx Medical Systems, Canada), and CALMA (Computer Assisted Library 
in MAmmography). The first is a commercial system, the other is the result of a a research project, supported by INFN 
(Istituto Nazionale di Fisica Nucleare, Italy); their characteristics have been already reported in literature. To compare 
the results with and without these tools, a dataset composed by 70 images of patients with cancer (biopsy proven) and 
120 images of healthy breasts (with a three years follow up) has been collected. All the images have been digitized and 
analysed by two CAD, then two radiologists with respectively 6 and 2 years of experience in mammography 
indipendently made their diagnosis without and with, the support of the two CAD systems. In this work sensitivity and 
specificity variation, the Az area under the ROC curve, are reported. The results show that the use of a CAD allows for a 
substantial increment in sensitivity and a less pronounced decrement in specificity. The extent of these effects depends 
on the experience of the readers and is comparable for the two CAD considered.  
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1. INTRODUCTION 
 
In this study two CAD systems have been used as second reader. The advantages and disvantage that their use produced 
on the radiologist’s work are reported. 
It was demonstrated that the use of computerized detection in mammography produced an increment in sensitivity, both 
for masses and for microcalcification clusters research [1,2,3,4,5]. In medical physics literature the increasing of 
sensitivity in finding spiculated lesions ranges from 3% to 14%. The automatic classification of microcalcifications by 
neural networks shows a good performance to distinguish benign from malignant clusters [6]. Computerized systems 
are able to find the signs of cancer lost by a human double reading [7]. 
In literature few studies have compared two different CAD systems using the same data-set of images [8].  
In this work the evaluation of sensitivity and specificity, in the detection of microcalcification clusters, of 2 radiologists 
with and without the help of two different CAD systems is reported. The performances of the two CAD systems 
working alone have been already evaluated in previous works [9,10].  
As well a qualitative study on the new way to make a medical report with the aid of computer is realized as well. The 
readers viewed the image on different supports: first the original image has been viewed on film, then the same image, 
with the area suggested from the CAD system, was visualized on paper (SecondLook) or on monitor (CALMA). We 
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investigated how the double reading with the CAD influences radiologists in their work-flow, in terms of time and loss 
of concentrantion. 
 
2. CAD SYSTEMS 
 
2.1 SecondLookTM CAD 
 
The first CAD system considered was the SecondLookTM (CADx, Medical Systems) produced in Canada. It runs in 
three steps. First it digitilizes mammograms, then a neural network analizes them to produce, as last step, a printed 
output (called Mammagraph) where the regions of interest are pointed out by markers. An oval pointer indicates a 
massive lesion, while a rectangular one points out a cluster of microcalcification. Time to obtain the print out is about 6 
minutes. It was not possible to modify, to visualize or to store images. The print out is not useful to realize a diagnosis 
because the low quality [11]. The SecondLook printout is shown in figure 1.  
Preliminary results about its perfomances have been published elsewhere [12]. 
 
 
 
 
 
Fig.1: SecondLook printout 
 
 
2.2 CALMA CAD  
 
The other CAD system used is CALMA (Computer Assisted Library in MAmmography), developed by INFN (Istituto 
Nazionale di Fisica Nucleare), some universities and many Italian hospitals. As a first step the mammogram is digitized 
by a CCD linear scanner (85 ? m, 12 bit/pixel), and it is stored in a CALMA specific format. In the following step, the 
radiologist visualizes it on the screen with help of some visualization tools (i.d. zoom, contrast enhancement). 
Microcalcification icon starts the program automatic search. This program contains both algorithms and neural 
networks. In few seconds a red rectangle points out regions of interest (ROI) where suspicious microcalcification 
clusters are recognized by the system (Figure 2). Software and hardware characteristics of the CALMA system can be 
found in literature [13,14,15].  
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Fig. 2: The CALMA clusters microcalcification reserch 
 
Both with CADx and CALMA require 2.5 minutes to digitalize and visualize ROIs on images. The ROC curve plotted 
for CALMA CAD is reported in Figure 3.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: ROC curve of CALMA 
 
3. Methodology 
 
 
 
 
 
 
 
 
 
 
Fig. 3: ROC curve of CALMA 
 
SPIE 
15-20 February 2003 
San Diego, CALIFORNIA USA 
n. 5034-9 
  
The dataset used is composed by 70 images of malignant histopathological patients (biopsy proven) and 120 images of 
healthy cases (proven by three years radiological follow up). The images were collected from different mammographic 
centers, from screening and clinical tests. In the detected images different kind of microcalcification clusters are 
present. Among them there were 24 cases of ductal infiltranting carcinoma, 6 cases of ductal in situ carcinoma and 2 
cases of tubular infiltranting carcinoma, in the the other cases the kind of carcinoma was not specified. Each cluster had 
a diameter ranging from 3 mm to 4 cm.  
All the images weredigitized and analysed by the two CAD systems, then two radiologists with respectively 6 and 2 
years of experience in mammography in a public hospital viewed the films in a conventional way at the diaphanoscope. 
Each radiologist viewed all the images in a random order, every time he was blind to the final diagnosis and 
independent from the other one. After two months the radiologists viewed the same films with the  SecondLook 
printout; 10 months later they examined the digitized images on a high resolution screen, observing the ROI suggested 
by CALMA CAD. The medical report was compared to the final diagnosis. The goal consisted of the detection of the 
right area where the lesion was biopsy proven. 
Time to take decision and remarks of radiologists concerning the new procedures are reported. All the sessions were 
repeated in the same physical conditions of light, time and no hurry. The doctors were previously informed about how 
the systems work. 
Different parameters were considered to evaluate the sigificativity of the results from a diagnostic and statistic point of 
view. For each radiologist sensitivity and specificity were estimated: a) alone, b) with CADx, c) with CALMA, 
according to the following relations: 
Sensitivity = number of images properly classified as positive (TP) / total number of positive images (TP+FN); 
Specificity = number of images properly classified as negative (TN) / total number of negative images (TN+FP). 
TP (true positive) or TN (true negative) are obtained when the medical report is in accord with the final diagnosis, while 
FP (false positive) or FN (false negative) indicate that the human diagnosis doesn’t match with the gold standard. 
Sensistivity and specificity are not sufficient to describe the efficacy of a CAD system [16]. Another parameter is  
commonly considered: the area Az under the ROC curve. The ROC curve is the most complete way to describe the 
diagnostic capability of a system, it represents the capability to distinguish positive fr om negative cases. The yes/no 
method [17] was employed to calculate it. Sensitivity, specificity and ROC analysis were evaluated using the bootstrap 
method, that estimates the 95% confidence intervals (CIs) in the statistical analisys. Matlab software was used to 
perform this calculation. Using chi-square test, p values were evaluated. The area Az under the ROC curve and p values 
were calculated using MedCalc?  software.  
 
4. RESULTS 
 
Radiologist A detected 58 (58/70) images of cancer cases and 110 (110/120)  images of healty cases; radiologist B 
detected 50 (50/70) images of cancer cases and 89 (89/120) images of healty cases.  
Using the CADx system as second reader radiologist A detected 66 (66/70) images of cancer cases and 101 (101/120) 
images of healty cases; radiologist B detected 58 (58/60) images of cancer cases and 85 (85/120) images of healty 
cases. 
Using the CALMA system as second reader radiologist A detected 66 (66/70) images of cancer cases and 106 (106/120) 
images of healty cases; radiologist B detected 61 (61/70) images of cancer cases and 85 (85/120) images of healty 
cases.  
Sensitivity and specificity, in percentage, are respectively reported in table 1 and in table 2. These values are estimated 
to 95% confidence interval (C.I.).  
Using chi-square test p values are evaluated; they always result less than 0.0001, only in one case (reader A alone) p is 
equal to 0.0005.  
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 Alone (C.I.) With CADx (C.I.) With CALMA (C.I.) 
A 82.8% (4.5%) 94.3% (2.8%) 94.3% (2.8%) 
B 71.5% (1) (5.4%) 82.9% (4.5%) 87.1% (4.0%) 
Tab. 1: Sensitivity (p<0.0001) (1)p=0.0005 
 
 Alone (C.I.) With CADx (C.I.) With CALMA (C.I.) 
A 87.5% (3.0%) 84.2% (3.3%) 87.5% (3.0%) 
B 74.2% (4.0%) 70.8% (4.2%) 70.9% (4.1%) 
Tab. 2: Specificity (p<0.0001) 
  
 
 Alone With CADx With CALMA 
A 0.85 0.89 0.91 
B 0.73 0.77 0.79 
Tab. 3: Az values 
 
 
5. CONCLUSION 
 
The average value of sensitivity for a radiologist alone is 78.1% ? 5.9%, the average value of sensitivity with the aid of 
SecondLook and CALMA CAD is respectively 88.5% ? 5.7% and 90.5%? 3.6%. These values, are in accord with 
previous works [4, 5, 6, 7], where an increment in sensitivity is shown when a CAD system is used as second reader. In 
addition the standard deviation decreases by a small amount. In a recent studiy Jiang and et al. [18] reported the value of 
sensitivity of 74% ?  11% of radiologists working alone; using the R2 technology CAD system, the value improved by 
13% becoming 87% ? 9%. These results are in line with ours where the average improvement in sensitivity for CADx 
and for CALMA is respectively 10.4% and 12.4%. Taft et al. [10] also reported an increment in sensitivity with the aid 
of CADx ranging from 8% to 10.5%. It is interesting to notice that the average decrease in specificity of the present 
study is 4.2% for CADX and 2.2% for CALMA. The area Az under the ROC curve increased in both studies but the 
improvements evaluated in the present work are not statistically significant. 
The results reported here are also in accord with studies performed by  Ciatto and colleagu es [19], and by Malich and 
colleagues [12]. 
The diagnosis method of  the radiologists involved evolved in the course of this study. The reading time, at the 
beginning, using either of the CAD systems was twice as long, but during the study the radiologists learned to 
synchronize the double reading.  
In conclusion, previous studies have shown that the double reading produces an increment in terms of sensitivity of up 
to 15% [2, 3]. In our study, not conditioned by the dataset, we show that the CAD system as a second reader detemined 
an increase in overall sensitivity of up to 15.6%, with a slight increase of the number of false positives. The decrease in 
specificity was more significant for the least experienced of the radiologists. Az area increased both with CADx and 
CALMA, the variation ranges from 0.01 to 0.06, independently of the skill of reader. The results obtained show  that 
CAD systems could be advantegeously used in clinical practice specially when the human double reading is not 
feasible.  
 
 
 
 
SPIE 
15-20 February 2003 
San Diego, CALIFORNIA USA 
n. 5034-9 
  
REFER ENCES  
 
1. Haus AG and Yaffe M (editors) (1993) A cathegorical course in physics. Technical aspects in breast imaging. Radiological Society 
of North America, Presented at the 79th Scientific Assembly and Annual Meeting of RSNA  
2. Thurfjell E, Anders Lernevall K, Taube A (1994) Benefit of independent double reading in a population-based mammography 
screening program. Radiology 191: 241-244 
3. Anttinen I, Pamilo M, Soiva M, Roiha M (1993) Double reading of mammography screening films-One radiologist or two? Clin 
Radiol 48: 414-421 
4. Kegelmeyer WP, Pruneda JM, Bourland PD, Hillis A, Riggs MW, Nipper ML (1994) Computer-aided mammographic screening 
for spiculated lesions. Radiology  191 : 331-337 
5. Huo Z, Giger ML, Vyborny CJ, Bick U, Lu P, Wolverton DE, Schmidt RA (1995) Analysis of spiculation in the computerized 
classification of mammographic masses. Med Phys 22 : 1569-1579 
6. Jiang Y, Nishikawa RM, Wolverton DE, Metz CE, Ginger ML, Schmidt RA, Vyborny CJ, Doi K (1996) Malignant and benign 
Clustered Microcalcifications : Automated feature analysis and classification. Radiology 198: 671-678 
7. Brake GM, Karssemeijer N, Hendriks JHCL, (1998) Automated detection of breast carcinomas not detected in a screening 
program. Radiology  207: 465-471 
8.R. Palmiero, A. Lauria, G. Forni, M.E. Fantacci, M. Imbriaco, G. Selva, S. Daniele, A. Sodano, P.L. Indovina  (2003) A 
comparison between two different CAD systems for mammography as an aid to radiological diagnosis Submitted to the Eur Radiol. 
9. Bottigli U, Delogu P, Fantacci ME, Fauci F, Golosio B, Lauria A, Palmiero R, Raso G, Stumbo S, Tangaro S (2002) Search of 
Microcalcification clusters with the CALMA CAD station. The International Society for Optical Engineering (SPIE) 4684 : 1301-
1310 
10. Taft R, Taylor A (2001) Potential improvement in breast cancer detection with a novel computer-aided detection system. Applied 
Radiology 12 : 25-28 
11. http://www.cadxmed.com 
12. Malich A, Marx C, Facius M, Boehm T, Fleck M, Kaiser WA. (2001) Tumour detection rate on a new commercially available 
computer aided detection system.  Eur Radiol, 11: 2454-2459 
13. Bazzocchi M, Facecchia I, Zuiani C, Londero V, Smania S, Bottigli U, Delogu P (2001). Applicazioni di un sistema di Computer 
Aised Detection (CAD) a mammografie digitalizzate nell’individuazione di microcalcificazioni. La Radiologia Medica (Edizioni 
Minerva, Torino) Radiol Med. 101: 334-340 
14. Amendolia SR, Bisogni MG, Bottigli U, Ceccopieri A, Ciocci MA, Delogu P, Di Pasquale G, Fantacci ME, Maestro P, Marchi 
A, Marzulli VM, Palmiero R, Pernigotti E, Rosso V, Stefanini A, Stumbo S (1999)  
A CAD tool for early diagnosis: massive lesion and microcalcification cluster detection in breast radiography. International 
Workshop on Software Engineering,  Artificial Intelligence and Expert System in High Energy Physics, Creta, AIHENP99 183 
15. Amendolia SR, Bisogni MG, Bottigli U, Ceccopieri A, Delogu P, Marchi A, Marzulli VM, Palmiero R, Stumbo S (2001) The 
CALMA Project: a CAD Tool in breast radiography. Nucl. Instr. And Meth. A460: 107-112  
16. Metz CE (1986) ROC methodology in radiological imaging. Invest Radiol 21: 720-733 
17. Green DN, Swets JA (1966) Signal detection theory and psychophysics. John Wiley and Sons, New York. 
18. Jiang Y, Nishikawa RM, Schmidt RA, Toledano AY, Doi K (2001) Potential of computer-aided diagnosis to reduce variability in 
radiologists’ interpretations of mammograms depicting microcalcifications. Radiology  220: 787-794 
19. Ciatto S, Rosselli Del Turco M, Risso G, Catarzi S, Bonari R, Viterbo V, Gnutti P, Guglielmoni B, Pinelli L, Pandiscia A, 
Navarra F, Lauria A, Palmiero R, Indovina PL (2001) Comparison of standard and computer aided diagnosis (CAD) on a national 
proficiency test of screening mammography. In press  Eur. J Rad 45: 135-138 
 
 
 
 
 
 
 
 
 
 
